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ABSTRACT: The hydrographic structure of the northern Red Sea indicated that, the surface 
waters of temperature around 22°C, salinity of 40.1 OO%o and 8t = 28.1 might sink to depths 
between 400-500 m by convective overturn, contributing to the formation of the mid-deep Red Sea 
waters. Below the 500 db depth down to the bottom the water column is stable. The geostrophic 
circulation clearly indicated an inflow of water from the Red Sea towards NNW, along the main 
axis of the sea. Arriving at the northern edge of the sea, it sends a branch in the Gulf of Aqaba, 
turns to the west, and sends another branch to the Gulf of Suez, but its main mass reaches the 
African coast where it sets southward along this coast. A large cyclonic gyre centered near 27o30'N 
and 34olO'E is detected at the head of the Red Sea deep waters. The effect of the outflow of the 
bottom water of the Gulf of Suez on the formation of the deep water of the Red Sea is limited. 
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INTRODUCTION 
The Red Sea is a long, narrow body of water, roughly NNW-SSE oriented, about 
1930 km long and 270 km wide between l2°N and 28°N. From the 28°N in the norther 
side, the sea is bounded by the shallow Gulf of Suez to the west and the deep Gulf of 
Aqaba on the eastern side. The continental shelf (less than 50m depth) is widely 
extended in the southern half of the Red Sea (Mainard and Soliman, 1986). The detailed 
compilation of the know ledge of the Red Sea can be found in Morcos ( 1970). 
The sinking of the surface water in the vicinity of the northern boundary of the Red 
Sea is assumed to be mostly a winter process. The main con~ective flow is created by the 
mixing of the very dense Gulf of Suez water (which is far colder and saltier than the Red 
Sea deep water) with the north Red Sea subsurface water (Maillard, 1974). The existence 
of a large permanent cyclonic gyre in the northern Red Sea (Bibik, 1968; Maillard, 1971; 
Morcos and Soliman, 1972) can strengthen the vertical motions and. the deep water 
formation. 
Gorgy (1966) mentioned that it is not the highly saline water of the Gulf of Suez 
which reaches the bottom of the Red Sea, but that the cold surface water of the northern 
Red Sea (40.50-40.60%o) constitutes in winter the main source of bottom water. Wyrtki 
(1974) studied the deep water dynamics resulting from the vertical convection and the 
diffusion of several conservative and non conservative parameters. 
Recent studies on the hydrography of the Red Sea were carried out by Mainard and 
Soliman (1986) in summer 1982. They concluded that: "Some sinking of water occurs in 
summer due to high densities found in the northern Red Sea, but only intermediate 
waters are formed. The formation of intermediate water of high salinity in the northern 
Red Sea can be a step towards the winter deep water formation". · 
2 Pakistan Journal of Marine Sciences, Vot7(1), 1998. 
So, little is still known about the sources of formation of the Red Sea deep waters. 
Also, the study of seasonal variations in these water masses needs more observations 
than the present data sets. 
The aim of the present study is to identify more accurately the location of the 
formation of the deep water masses in the northern Red Sea. 
MATERIALS AND METHOD 
The data used in this study were collected during the Joint Soviet-Egyptian 
expedition no the RV "Professor Bogorov" during the period 1-6 March, 1990. The study 
area and the locations of the hydrographic stations are shown in figure L During the 
cruise, two data sets were collected. The continuous vertical measurements of 
hydrographic structure were carried out at 5-ll50m levels. The standard meteorological 
measurements such as; wind speed and direction, atmospheric pressure and air 
temperature were taken every four hours using an automatic weather station. The 
estimated error was about 3 cm.sec-1 for the wind speed and 3o for the wind direction 
respectively. 
During the study period, NNW winds prevailed with the velocity range of 3-17 
cm.sec-1• 
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Fig.1. Area of investigation and locations of the sampling stations. 
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RESULTS AND DISCUSSION 
The hydrographic structure of the study area waters during the period of 
investigation are shown in figures 2~4. The horizontal distribution of water temperature 
(Fig.2) indicates the existence of inflowing of a warm surface wateir (>22°C) from the 
Red Sea to the Gulf of Suez. This flow of water is characterized by saHnity values 
(40.10-40.20%o) and ot between 27.9 and 28.1 (Figs.3&4). 
The salinity increases from 40.1 0-40.20%o in the northern Red Sea to reach its 
maximum values ( 42.20%o) at the northern part of the Gulf of Suez. This increase in the 
salinity of the Gulf waters is due to the high evaporation which takes place particularly in 
the northern extremity of the Gulf (Morcos, 1970). The influence of the Gulf waters 
appears in the northwestern side of the sea, where relatively high salinity values are 
found. The salinity on the western side is higher than that on the eastern side, i.e. the 
decrease in salinity takes place from north to south side. This feature was previously 
noted by Luksch, 1901 (cited in Morcos, 1970) and Bogdanova (1966). A large eddy of 
salinity 40.10%o is centered near 27°30'N and 34olO'E (Fig.3). 
Relatively high values of ot (>28.2) are found at the extreme north of the Red Sea. 
The density of water increases northward in the Gulf of Suez to reach its maximum 
values (>31.0 ot) in the northern part of the Gulf. This increase in density is due to the 
high salinity and low temperature of the Gulf waters. 
Temperature, salinity and ot are presented on a vertical section along the central axis 
of the experimental area (Figs.5-7). The lowest part of the Gulf of Suez and increases 
southward to reach its maximum value (22.57°C) at the Red Sea. It decreases with 
increasing depth. The salinity and ot show the same trend but in an opposite direction, 
i.e. they decrease from north to south and increasing with depth (Figs.6&7). The general 
trend of the isolines indicates an inflow of a low salinity (40.10%o), warm (>22.00C) 
surface water from the Red Sea into the Gulf and an outflow of a more saline (4L05%o) 
colder (l9.030C) bottom water in the opposite direction. 
At station 2036 (Fig.5), the vertical distribution of water temperature in the upper 
layer down to >400m depth show a great uniformity in temperature. Salinity and ot 
values of this region show also a great homogeneity due to the vertical mixing. The 
vertical distribution of temperature, salinity and Ot in this area indicates that, the surface 
waters of temperature around 220C, salinity 40.10%o and ot = 28.1 might sink to depths 
between 400-500m by convective overturn, contributing to the formation of the mid-
deep Red Sea waters. 
Vertical profiles of temperature, salinity and density and density ration (Rp) for 
station 2036 (Fig.8) are taken to study the water stability in this area of the northern Red 
Se.a. The lowest values of salinity (40.10-40.20%o) are observed in the upper 200 db 
layer. This layer is characterized by temperature around 22oc and density 28.2. Below 
that depth, the salinity and density increase with increasing depth to reach 40.46%o and 
28.5 ot at 500 db depth. Within this layer, the temperature decreases from 220C at about 
300 db to 21.620C at the 500 db depth. Between 500 and 940 db a strong homogeneity in 
salinity, temperature and density are observed. This deep water has the characteristics; T 
= 21.560C, S=40.46%o and ot = 28.52 and the variations remain respectively within 
0.06"C, O.O%o and 0.02 ot. 
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Fig.2. Horizontal distribution of the surface water temperatur 
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Fig.3. Horizontal distribution of the salinity at the surface~ 
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Fig.4. Horizontal distribution of the surface water density (8t). 
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Fig.5. Vertical structure of the water temperature along the main axis of the study area. 
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Fig.6. Vertical structure of the salinity along the main axis of the study area. 
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Fig.7. Vertical structure of the density ofthe \\;'ater (ot) along the main 
axis of the study area. 
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Fig.8. Profiles of water temp~rature, salinity and density for station 2636. Profile of the 
stability angle is shown in panel at right. 
Fig.9. Map of the surface geostrophic circulation. 
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The maxima in salinity and temperature do not coincide and that the ot profile is 
stable. A profile of stability angle Tu' taken from Washburn and Kase (1987) defined as: 
aTz - I3Sz 
Tu' = tan·1 --------------------------------- (1) 
citTz + I3Sz 
is shown in the right-hand panel of figure 8, where a is the coefficient of thermal 
expansion (a > 0), 13 the coefficient of haline contraction, and Tz and Sz the vertical in 
situ temperature and salinity gradients. This definition is similar to that developed by 
Ruddick (1983) for use in plotting Rp, but in this definition the argument of the 
arctangent is the inverse of that used by Ruddick (1983). Inverting the argument makes 
all negative values of Tu' correspond to gravitationally unstable density gradients. The Z-
axis is positive upward and stabilizing contributions to vertical density gradients .are 
aTz>o and 13 Sz<O. The vertical distribution of Tu' allows portions of the profile to be 
grouped into four stability regimes as was suggested by Washburn and Kase (1987): S 
denotes a stable region of the profile, U a region with density inversions, SF a region 
diffusively unstable to salt fingering, and DL a region unstable to double diffusive 
layering. 
Limiting values of RP defined as: 
aTz 
(2) 
13 Sz 
are indicated at the bottom of the Tu' profile. 
The complexity of the water structure at station 2036 is also apparent in the 
distribution of Tu' shown in the right panel of figure 8. The upper 500 db layer of the Tu' 
profile is irregular and is made up of alternating density inversions and salt fingering 
regions. This unstability may be due to the vertical mixing by the winter convection. 
below the 500db depth down to the bottom, the water column is stable. 
One step of the present analysis is the calculation of the geostrophic circulation from 
temperature and salinity data. Map of the horizontal geostrophic circulation at the s~a 
surface is shown in figure 9. The surface circulation clearly indicates an inflowing of 
water from the Red Sea towards NNW, along the main axis of the sea. Arriving at the 
northern edge of the Red Sea, it sends a branch in the Gulf of Aqaba, turns to the west, 
and sends another branch to the Gulf of Suez, but its main mass reaches the African 
· Coast where, becoming more saline through the influence of the Gulf of Suez, it sets 
southward along this coast. A large cyclonic gyre centered near 27o30'N and 34°10'E is 
detected at the head of the Red Sea inflow. 
In the charts of the dynamic topography constructed by Bibik (1968) and Maillard 
0 971 ), a large cyclonic vortex in the northern Red Sea and a small anticyclonic vortex at 
the extreme north of the sea could be observed. Bibik (1968) observed that the centre of 
the main cyclonic vortex in the northern Red Sea has been displaced about 1 °30' towards 
the north from December 1964 to April 1965. The detailed chart of dynamic topography 
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according to Mabahiss observations (Morcos and Soliman, 1972) showed a large 
anticyclonjc circulation at about 25°N, and the southern part of a small cyclonic 
circulation at 27°N. Also in Gerges and Soliman's (1987) work, a cyclonic gyre has been 
observed covering the whole northern Red Sea. 
In the present work, the gyre is characterized by temperature around 22°C, salinity 
(40.10%o) and density (ot 28.1). T_he most obvious explanation is that this region in 
winter is the n,atural place for formation of deep water enhanced by winter convection 
and high density of water due to relatively high salinity and low temperature at the 
extreme north of the sea. 
Accordingly, the present study indicates that, the area centered near 27°30'N and 
34olO'E in winter is a source of the formation of the Red Sea deep water. This area, may 
be, is not the only source for the formation of the deep waters. Also, the effect of the 
outflow of the bottom water of the Gulf of Suez, indicated by the down-sloping of the 
isotherms, isohali.nes and isopleths, on the formation of the deep water of the Red Sea is 
limited because of its small volume. 
CONCLUSION 
The downward motion in the northern Red Sea is a c;lominant feature in the present 
work as well as in Maillard's (1971), Morcos and Soliman's (1972) and Maillard and 
· Soliman's (1986) schematic representation. 
The area centered near 27°30'N and 34°10'E in winter is a source of formation of the 
Red Sea deep waters enhanced by winter convection and high density of water (ot = 
28.1 0) due to relatively high salinity ( 40.10%o) and low temperature (22.2°C) at the 
extreme north of the sea. May be this area is not the only source for the formation of 
deep water masses in the northern Red Sea. Therefore, more observations than the 
present data set and further studies are needed for this part of the Red Sea. 
REFERENCES 
Bibik, V.A., 1968. Pecularities ofthe hydrological conditions in the northern part ofthe Red Sea in 
the winter season of 1964-65. Okeanologicheskie /ssledovania 19:201-213. 
Bogdaova, A.K., 1966. Hydrograhpic condition in the Red Sea and the Gulf of Aden, by 
observation of the RV Academic A. Govalevisky. Oceanologiya Research Articles, Soviet 
Geophysical Commette Academic of Science USSR, 15: 45-68 (In Russian). 
Gerges, M.A. and G.F. Soliman, 1987. Principal features of circulation in the Red Sea as obtained . 
from a two layer numerical model. Bollettino Dl Oceanologia Teorica ED Applicata, 5(4): 
261-276. 
Gorgy, S., 1966. Contribution. a l'etude du milieu marin et de la Peche en mer Rouge (secteur de la 
Repubique Arabe Unie). Revue des Travaux de l'lnstitut des Peches Maritimes, 30(1): 93-112. 
Luksch, J., 1901. Expedition S.M. Schiff POLA in das Rote Meer, sudliche Halfte (Sept. 1897-
April1898). Wissenschaftliche Ergebnisse, Physikalische Untersuchunge, Wien, 69: 3~7-398. 
Maillard, C. 1971. Etude hydrologique et dynamique de laMer Rouge en hiver. Anneles Institute 
Oceanographique 498(2): 113-140. 
Maillard, C., 1974. Eaux i.ntermediaires et formation d'eau profonde en Mer Rouge. In: L' 
oceanographie Physique de laMer Rouge, Paris, 1972: 105-133. 
Maillard, C. and G. Soliman, 1986. Hydrography of the Red Sea and exchanges with the Indian 
Ocean in summer. Oceanologica Acta, 9(3): 249-269. 
10 Pakistan Journal of Marine Sciences, Vo1.7(1), 1998. 
Morcos, S.A. 1970. Physical and chemical oceanography of the Red Sea. Oceanography and 
Marine Biology Annual Review, 8: 73-202. 
Morcos, S. and G.F. Soliman, 1972. Circulation and deep water formation in the nrothem Red Sea 
in winter (based on R/V Mabahiss sections, January-February, 1935). Colloques 
Internationaux du C.N.R.S., 215: 107-113. 
Ruddick, B.R. 1983. A practicla indicator of the stability of the water column to double-diffusive 
activity. Deep-Sea Research, lOA: 1105-1107. 
Washburn, L. and R.H. Kase, 1987. Double diffusion and the distribution of the density ration in 
the Mediterranean waterfront southeast of the Azores. Journal of Physical Oceanography, 17: 
12-25. 
Wyrtki, K. 1972. On the deep circulation of the Red Sea. Centre National pour !'Exploration des 
oceans (CNEXO), Paris, Actes de Colloque 2: 135-159. 
(Received: 30 May 1995) 
